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RESULTSOFCOMBINEDLOADSORBITERTEST(CLOT)

IN THENASA/LaRC8-FOOTTPT
USINGTHREECONFIGURATION20 TPS

FLOWTESTPANELS(OS53A/B)

by

J. R. Nakamoto/R.R. Burrows

Wind Tunnel Operations

Shuttle Aerodynamics

Rockwell Interrmtional-ST&S Group

ABSTRACT

This report contains post-test information for Combined Loads Orbfter Test

(CLOT) OS53A/B which was conducted in the NASA/Langley 8-foot TPT from

December 5, 1980 to April 9, 1981. Three full-scale panels representing

actual Orbiter structure and Thermal Protection System (TPS) tiles near

the Orbiter/ET attach structure (blpod), were tested under a simulated

fllght-tlme history profile.

Specific objectives of the test were threefold:

I) Verify that tiles remain attached to flight structure under simulated

ascent conditions;

2) Compare measured and predicted tile and SIP (Strain Isolation Pad)

loads (static and fluctuating pressures) and tile responses; and

3) Determine tile roughness characteristics after single and repeated

ascent missions.

To meet these objectives, LaRC modified the 8-foot TPT facility to achieve

a local simulation of the real time STS-I and design launch profile in

_'_ iii



ABSTRACT(Concluded)

the two regions represented by panels 20A and 20C. Machnumbers and

dynamic pressure levels for the STS-I trajectory simulation were varied

from 0.6 to i.i and 400 to 750 psf, respectively. Design limit trajectory

simulation Machnumbers and Q's were 0.6 to i.i and 480 to 900 psf,

respectively. In addition to the above simulation, a hydraulic shaker

system was installed in the tunnel to provide the STS-I and design

trajectory low frequency spectrum to the panel structure for test panel

20A only.

The 20A test panel was subjected to a total of i00 ascent cycles (25

missions), duringwhich time no tiles were lost. There was no tile

degradation through STS-I (4 ascent cycles), but some tile sidewall erosion

and adjacent OMLchipping occurred during life cycling.

The 20C test panel was subjected to 144 cycles (36 missions). No tiles

were lost or degraded through STS-I and life cycling, but somefraying of

the thermal barrier occurred after the equivalent of 16 missions.
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INTRODUCTION

This report presents post-test information for Combined Loads Orbiter

Test (CLOT) OS53A/B which was conducted in the NASA/Langley Research

Center's 8-foot TPT from December 5, 1980 to April 9, 1981. Three full-

scale panels (one calibration panel and two test panels), representing

actual Orbiter structure and Thermal Protection System (TPS) tiles aft

(Configuration 20A) and forward (Configuration 20C) of the Orbiter

External Tank attach structure (bipod), were tested under a simulated

flight-tlme history profile.

CLOT was part of the overall TPS Flow Test Program and was originated as

a direct result of the Williams Committee TPS review. This committee

recommended that a combined loads test be run on representative TPS/

substrate panels whose ascent loading conditions could Jeopardize the

success of STS-I.

Detailed test objectives were as follows:

i. Verify that tiles remain attached to flight structure under simulated

ascent conditions.

2. Compare measured and predicted tile and SIP (Strain isolation pad)

loads and responses:

a) Compare measured and predicted loads by

i) Static pressures on the overall panel, tile OML, filler

bar, top of gap, SIP, and tile internal.

,_. i•



INTRODUCTION (Continued)

2) Fluctuating pressures on the overall panel, tile OML, filler

bar, SIP, and tile internal.

_g
!

B) Compare measured and predicted overall panel and tile responses

by

i) Panel acceleration, static deflection, and location

2) Tile accelerations

3) SIP loads

4) Tile/substrate relative displacements

c)

D)

Evaluate load combination techniques

Determine changes in dynamic response characteristics under repeated

loadings

3. Determine tile roughness characteristics (step and gap) after single

and repeated ascent missions.

Before tests were run on the calibration and test panels, a satisfactory

simulation of the flight environment was obtained by modifying the

8-foot TPT test section, as described in reference i0. These modi-

fications were the result of previous subscale tests in Diffuser Flow

Apparatus (DFA).

Other subjects covered in this report are model construction details, instru-

mentation, test procedures, test conditions, data reduction, and a

V



INTRODUCTION(Concluded)

description of the test facility. There are no formal data contained

in this report. Rather, several preliminary hand plots of test data

have been presented for general information only.
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SYMBOL

ACD

ARC

CPS

Cp_

DFA

dB

DFI

ET

ESP

grms

Hz

IML

K

LaRC

M_

M L

OML

PS IP

PCF

PL

qL, QL

Q.C.

RTD

NOMENCLATURE

DESCRIPTION

Analysis and Computation Division at Langley

Ames RESEARCH Center

Cycles per second

Freestream static pressure coefficient

Diffuser Flow Apparatus

Decibles, psi

Development Flight Instrumentation

External Tank

Electronically Scanned Pressure

Root mean square gravity force

Cycles per second

Inner Mold Line

, 10 +3Surface roughness inches x

Langley Research Center

Freestream Mach Number

Local Mach number

Outer Mold Line

Pressure measured in SIP, psia

Pounds per cubic foot

Local pressure, psia

Local dynamic pressure, psi

Quality Control

Resistance Temperature Device

V 9



SYMBOL

NOMENCLATURE (Concluded)

DESCRIPTION

SIP

STGR

TPS

TPT

X

X o

Y

Yo

Z

APshoc k

APbowshock

O

_L

Strain Isolation Pad

Stringer

Thermal Protection System

Transonic Pressure Tunnel

Longitudinal distance from front edge of

panel, inches

Orbiter station, inches

Lateral distance from _ of panel, left is

positive, inches

Orbiter butt plane lateral distance, inches

Vertical distance from panel IML (OML is in

negative direction), inches

Differential pressure across shock, psi

Stress, psi

Strain, in/in

Boundary layer thickness, in

÷
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DISCUSSION OF TEST RESULTS

Test Configuration 20A

The 20A test configuration was subjected to static air loads; local shocks; and

structural, acoustic and vibration environments of the STS-I launch tra-

Jectory profile.

Good simulation of the local STS-I static environment was obtained for

the lower Mach number simulation (FreestreamMach = 0.6 to 0.9). See

figure 60a and b. Figure 60c shows that good simulation of the local

dynamic pressure was obtained at the higher Math numbers (Freestream Mach

= I.I to 1.4); however, there were large deviations from the STS-I static

pressure levels with a correspondingly higher local pressure gradient in

this region. (See figures 60d and e). Local Math number simulation _s

depicted in figure 6Of.

The acoustic environments depicted in figure 60g were closely simulated

at local Mach numbers of M = 0.9 on the forward part of the panel, and

at M = 1.2 in the center of the panel, Overall acoustic dB levels were

comparable, but low frequency response on CLOT _ever peaked out as it

did on IS-2. This is probably due to a thicker boundary layer on the

CLOT full-scale model. (Reference 6).

Vibration levels over the frequency spectrum closely approximated the

overall grms values that were experienced on FFA04 (Fwd. Fus. Under Body

Panel). These values ranged from 20 grms to 33 grms for FFA04 while

CLOT values were 25 grms to 38 grms.

V
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DISCUSSION OF TEST RESULTS (Continued)

No tiles were lost during the 25-mission (i00 cycles) and no tiles were

degraded during the first mission (4 cycles). During subsequent missions,

there were tiles that incurred coating chips, due to tiles apparently

bumping into one another. Tile surface roughness is indicated in figure

6Oh. A cumulative damage map of the 20A test panel is shown in figure

60i. Stress/strain diagrams for tile numbers 39, 50 and 51 are presented

in figures 60j, k and i, respectively.

Test Configuration 20C

The STS-I ascent trajectory profile static airloads, local shocks, and

acoustic level environment were to be imposed on panel TC-20C test tiles.

However, a one-half-scale bipod model was used because of tunnel instability

with the larger bipod models. As a result, the primary parameter simulated

was the maximum STS-I acoustic level and time duration. The resultant

static airloads environment is presented in figures 6Om through x. Detailed

discussions of these data can be found in reference 4.

Maximum acoustic levels were obtained through simulation of the pressure

rise across the bowshock in front of the bipod. The test bowshock

differential pressure curve is in close agreement with the STS-I nominal

trajectory curve. However, simulation of the local dynamic pressures and

the local Mach numbers is only fair at the transonic Mach numbers with the

test values deviating significantly from the STS-I nominal trajectory

curve at the higher supersonic Mach numbers. Local test pressure distributions

12



DISCUSSIONOFTESTRESULTS(Concluded)

from M = 0.6 to 1.4 show close agreement with the STS-I nominal trajectory

pressures, except immediately forward of the bipod where the test pressures

are approximately 1.5 psia higher. Simulation of the local pressure

distributions is poor at the maximum bowshock pressure rise conditions

(M = 1.76). Estimated SIP pressures using the TPS tile loads math model

(reference 4) are approximately 1.75 psia higher than the measured SIP

pressures, indicating a lower test positive normal force on the tiles.

The present design SIp pressure model of reference 4 is based on test

results from other tests, and the results from the CLOT test do not exceed

the design model loads.

Four STS-1 simulated missions (16 cycles) were completed on March 28 to

flight-qualify test panel TC-20C for launch. An additional 32 life missions

were completed using the same simulation. There was no degradation of the

test tiles. A tile surface roughness comparison is shown in figure 60y.

V
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CONFIGURATIONS INVESTIGATED

CLOT Program Background

The panels tested for the CLOT program were chosen so that maximum engineer-

ing data could be acquired for the purpose of supporting the launch of

STS-I. In support of this basic objective, a number of criteria were

established as pertinent to the selection process. Panel locations of

special interest were: where loads due to aerodynamic shock waves and

boundary-layer noise were large; where large stresses due to panel deflection

occurred; and where residual surface roughness of the tiles posed a

potential hazard to the Thermal Protection System.

With the establishment of the selection process, three TPS areas were

"selected for the CLOT program. They were:

I) acreage tile area aft of the forward ET attachpoint

(bipod) - Configuration 20A.

2) tile area at the aft end of the nose gear doors, forward

of the bipod - Configuration 20C.

3) tile area Just forward of the inboard elevon on the Orbiter's

lower wing surface - Configuration 20D (NOT TESTED).

Figure I shows the relative locations of the test panels on the Orbiter

vehicle.

14
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CONFIGURATIONS INVESTICATED (Continued)

Model Description

Test Panels

The test panel (20A) made for 0S53A was designed and fabricated to closely

represent that portion of structure and TPS immediately aft of the Orbiter/

External Tank blpod attach, which is subjected to shocks and aerodynamic

turbulence created by the bipod. The general arrangement of Test Con-

figuration 20A is shown in figure 2.

The construction of the test panel was such that the skin thickness,

stringer configuration and spacing was maintained identical to the vehicle

structure. Figure 3 depicts the general substrate design of panel 20A.

Note that a full-scale bipod (with shortened legs) was attached to the

test platform ahead of the 20A panel. The width of test panel 20A is

49.0 inches. This allowed a maximum number of stringers to be included

while remaining within tunnel test platform width restraints.

V

Unique to the design of panel 20A were provisions for mounting to an in-

tunnel hydraulic shaker.

Four spool pieces, one at each corner of the panel, were extended through

the slots in the tunnel floor and bolted to a special frame which was

attached to the shaker. Without this positive drive system, panel 20A

was too stiff to be responsive to frequencies below 100Hz. The locations

of these shaker mounts on the panel are shown in Figures 3 and 4.

The Thermal Protection System simulated on the 20A panel consisted of

9-PCF (pounds per cubic foot) densified silica tile on 0.160 in. SIP

15



CONFIGURATIONS INVESTIGATED (Continued)

(strain isolation pad) and 9-PCF polyurethane foam tiles also on 0.160

in. SIP. The radius of curvature of the selected vehicle panels is

quite large, making curvature effects minimal. Therefore, no attempt

was made to simulate the curvature on the TPS or metal structure. The

TPS installation for this panel is shown in figure 5. Each individual

tile (silica and foam) is identified by the location numbers shown on

figure 6.

The nose gear door panel 20C is a representation of the aft 41 inches of

the Orbiter nose gear door structure, bipod area and TPS. The general

arrangement of Test Configuration 2OC is shown in figure 8.

As mentioned earlier, the tiles on these test panels were fabricated and

installed flat, as a compromise to simulate the large radius of curvature

on the vehicle. In addition, since the actual nose gear door structure

is extremely rigid, the internal structure of test panel 20C utilized the

same sandwich construction to simulate the actual stiffness of the doors,

and was then surrounded by actual skin/strlnger construction.

The general substrate design of 20C is shown in figure 9 and the TPS

pattern is depicted in figure i0. Details of the nose gear door thermal

barriers can be found in figure II. Foam tile and real silica tile are

identified by those numbers shown in figure 12.

The 20C test panel consists of direct-bond foam fairings around real

tiles; _.e., the real tiles are mounted on SIP and the foam falrings are

glued directly to the metal without SIP.

16



CONFIGURATIONSINVESTIGATED(Continued)

The I/2-scale bipod was physically attached to a guide rail on the test

platform Just aft of test panel 20C (as shownin figure 13). During

test runs the 5ipod was translated aft to maintain correct shock locations

on the panel. The blpod was built in such a way as to simulate the

correct mold line of the bipod attach bolt head and close-out structure

around the foam fairings.

v _7



CONFIGURATIONSINVESTIGATED(Continued)

Model Description (Continued)

Calibration Panels

Two heavily instrumented calibration panels were built as high fidelity

representations of their corresponding test panels (one for 20A and one

for 20C). Only the 20A Calibration panel was tested during CLOT. It

was installed in the same test platform as the 20A test panel (under the

same test conditions) to fully calibrate and map the test conditions in

the tunnel for the test panel runs. The 20C Calibration panel was built

but never tested during 0S53B.

Structurally, the 20A Calibration panel was identical to the 20A test

panel. That is, the structural assembly drawings for the 20A test panel

also define the structure for the 20A Calibration panel.

The Thermal Protection System (TPS) on the 20A Calibration panel consists

of polyurethane foam tiles (9-PCF) bonded on SIP to exactly match the

pattern of real tiles on the test panel. Not only does this duplicate

airflow through tile gaps/SIP, etc., but also maintains a close degree

of flexibility and dynamic response between thetest panel and the

calibration panel. TPS arrangement and tile identification numbers

for the 20A Calibration panel are given in figure 7.

18



CONFIGURATIONSINVESTIGATED(Continued)

Model Description (Continued)

Test Platform and Bipod

The panels were mounted on a support structure (test platform) attached

to the floor of the wind tunnel. The aerodynamic surfaces of this

test platform were two-dimensional and extended from one sidewall of

the tunnel to the other. The test platform was designed to be shimmed-

up off the tunnel floor so that the boundary layer upstream of the test

platform would flow underneath the platform through a gap between the

lower surface of the test platform and the slotted floor of the wind

tunnel. It became necessary, however, to close off this gap in order

to achieve the proper tunnel environment for both the 20A and 20C

configurations.

The design frontal area of the platform was kept to a minimum to reduce

tunnel blockage and still accommodate the depth of the panels tested.

All of the panels were mounted in the upper portion of the platform so

that the simulated vehicle outer mold line (OML) would be flush with the

upper surface of the test platform. Panel locations relative to the

test platform are shown in figure 14.

Actual full-size bipod flight hardware was supplied by NASA/MSFC and was

adapted for this test. The bipod was modified by truncating the legs

to reduce the amount of tunnel blockage for the 20A configuration. A

i/2-scale bipod model was also provided by LaRC for use with configuration

20C. This bipod was mounted to a guide rail and could be translated

V 29



CONFIGURATIONSINVESTIGATED(Concluded)

axially by a hydraulic actuator. Its legs were also truncated to obtain

minimumblockage. The bipod positions relative to the test panels and

the test platform can be seen in figures 15 and 16.

1.m •
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INSTRUMENTATION

Both test panels and the 20Acalibration panel Were instrumented with

static and dynamic pressures, accelerometers, strain gages, and other

special instrumentation necessary to determine SIP/Structure interface

loads and ti_e motions. The 20A calibration panel was highly instrumented

with static pressure taps and Kulite microphones to determine the pressure

field/environment over the area of tiles for the 20A test panel. A

reference group of static and dynamic pressures was located in tl,e test

platform alongside the test panels and calibration panel to assist in

Correlating the calibration panel runs to the test panel runs.

V

The test panels had one or more selected tiles which were instrumented in

order to determine loads and resulting motions. This instrumentation

consisted of six accelerometers potted in one or two tiles on each

test panel. These sametiles were instrumented for static pressures

under the SIP and in the gap areas in order to determine the forcing

functions. In addition, microphones were located in the gaps and SIP

areas to measure the high-frequency forcing function caused by the

fluctuating boundary layer. Accelerometers were located on the _ile

substructure in these areas along with a general coverage in other areas

of the test panel. Special NASA/ARC"Coe" instrumentation (a strain

gaged diaphragm for measuring SIP to structure stresses) was also

utilized on one tile on test panels 20A and 20C. Deflectometers were

installed in panel 20A to determine tile deflections.

An instrumentation summary for test configuration 20A is presented in

Table I. This table includes information for both the calibration panel
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INSTRUMENTATION(Continued)

and the test panel. A similar summary for test configuration 20C can be

found in Table II.

The signal from all Kulites on all panels was split into AC and DC com-

ponents. This provided a static and dynamic pressure value for each

Kulte measurement.

General design of Kullte installation inside foam or real tiles is presented

as figure 34. Figure 35 shows typical Kulite installation in gaps

between filler bar and SIP. Typical installation of accelerometers in

SIP-mounted tile is shown in figure 36. OML surface static pressures and

Kulltes which are installed in direct-bond foam areas are depicted in

figure 37.

LaRC provided a dummy or "precal" panel to be utillzed for tunnel checkout.

LaRC and NASA/ARC Jointly provided instrumentation for this panel. Static

pressure instrumentation (supplied by LaRC) is discussed more fully in

Volume II of the "CLOT Test Data Reduction Plan," by H. F. Thornton

(See references). Also described in this reference is the ARC "COE" tile

assembly which was installed in the precal panel at the same location as

tile #39 on the 20A calibration and test panels. Net loads measured

from the precal panel COE tile (which was mounted on a "rigid" substrate)

compared with similar information measured on the COE tile #39, which

was bonded to "flexible" skin/s_z!nger substrate on test panel 20A.
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INSTRUMENTATION (Continued)

Test Configuration 20A Instrumentation

Figures 17 and 18 show an overall view of the instrumentation on cali-

bration panel 20A. One real silica tile (#39/'036) was bonded on this

foam tile calibration panel and was heavily instrumented with Kulltes, as

shown in figure 19. Also shown in this figure is foam tile #50, which

contained Kulite instrumentation. A complete llst of calibration panel

instrumentation is contained in Table III which gives measurement numbers,

locations, and types.

Test panel 20A overall instrumentation is depicted in figures 20 and 21

and tabulated in Table IV. There are two of the 40 total real tiles on

this panel which were especially heavily instrumented: tile 39 (-006)

and tile 50 (-005); Tile 39 is a 6x6-in. tile which contains Kulites,

accelerometers, deflectometers, pressure taps, and the ARC (COE) balance;

as depicted in figures 22 and 23. Instrumentation details of tile 50

(a 3x6-in tile) are shown in figure 25. As mentioned earlier, special

instrumentation was employed on:tile 39. Depicted in figure 23 is the

special NASA/ARC-supplied "COE" balance which measures SIP-to-structures

stresses. Four "Bently" deflectometers were also utilized underneath this

tile; these are shown in figure 24, and were used to measure tile de-

flections. This panel also centained two 6x6 silica tiles (Nos. 51 and

52) which were accelerometer "monitor" tiles. The orientation of these

accelerometers is depicted in figure 26. Each monitor tile contained

two accelerometers and one Kulite sensor.
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INSTRUMENTATION(Continued)

Test Configuration 20C Instrumentation

Test panel 20C overall instrumentation is depicted in figures 28 thru

33 and tabulated in Table V. Two of the 21 silica tile on the 20C

test panel were heavily instrumented with accelerometers. Tile 34

(-009) is a 9-PCF silica tile with accelerometers oriented as shown in

figure 29. Tile 21 (-008) is shown in figure 30. This tile is a

22-PCF silica tile and contains accelerometers and the ARC "COE" tile

balance (see figure 31).

Test Platform Instrumentation

LaRC was responsible for installing static pressure taps in the test

platform, around the test articles. These pressure taps were used as a

check on test condition consistency between test panel and calibration

panel runs.

Test platform instrumentation is depicted in figure 38 and tabulated in

Table VI. As can be seen from the figure, a single row of static

pressure taps was placed on the upper and lower surface Of the test

platform 35 inches to the right of the tunnel _(looking upstream).

No matter which test configuration panel was installed, these taps (which

extended from the leading to the trailing edge of the platform) were

monitored to assure similarity of test condltions between runs of the

"precal", calibration, and test panels.

24



INSTRUMENTATION(Concluded)

DFI - Development Flight Instrumentation

Each of the test panels for 20A and C contained tiles which were instru-

mented with DFI on OVI02. These tiles were in the same location relative

to the test panels as they are on OVI02.

Wherever possible, this instrumentation was monitored during the test.

However, the main purpose in including DFI on CLOT was to subject these

tiles to ascent loads, and observe the behavior of tiles with reduced

SIP "footprint" areas and increased tile weight due to instrumentation.

Figure 27 shows the DFI tiles (26, 27 and 48) on the 20A test panel[.

DFI tiles on the 20C test panel (19 and 20) are depicted in figure 32.
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TEST OPERATIONS

Subscale Test

Prior to the 0S53 test, Langley Research Center conducted subscale tests

of the blpod and test platform in their I I/2-ft transonic DFA (Diffuser

Flow Apparatus). Test variables were:

i. Mach number (from 0.7 to 1.2)

2. Gap height between the tunnel floor and the test platform

(0.2 to 0.6 inches)

3. Bipod-off and bipod lengths (5.29 to 9.20 inches)

4. Bipod forward (20A) and blpod aft (20C)

5. Slot suction

6. Re-entry flap position

Despite the large amount of tunnel blockage caused by the presence of the

bipod, the following results were achieved:

i. The nozzle Mach number at the leading edge of the platform was

lower in the DFA than in the eight-foot TPT.

2. Suction arrangement and slot geometry changes were effective and

necessary.

3. Desired flow was achieved for the forward bipod location (20A)

with a full-scale bipod.

4. Desired flow was not achieved for the aft bipod location (20C)

until tunnel choke plates _nd a i/2-scale translatable bipod

were installed in the _unnel.

llr.
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TESTOPERATIONS(Continued)

Calibrations

LaRCperformed calibration tests in the 8-foot TPTafter successful sub-

scale testing was completed in the DFA. These calibration runs consisted

of test runs on a full-slze dummy(precal) panel (supplied by LaRC)mounted

in the test platform. Both the forward and aft-mounted blpod positions

(20A and 20C) were tested (see figures 15 and 16 respectively). Call-

bration and checkout of all tunnel modifications were performed at this

time. These included but were not limited to:

i. "Clear tunnel" runs with the test platform and precal

panel installed

2. Operation and translation of the half-scale bipod for 20C,

and tunnel operation with a fixed full-scale bipod for 20A

3. Deployment of the diffuser spoilers using the automatic drum

and follower

4. Operation of the test section _uction box system

5. Checkout of the shaker system for 20A

The items listed above were checked out with the tunnel in three modes:

at ambient conditions, various steady state flow conditions, and during

dynamic profile runs.

Rockwell was responsible for the following, before shipment of the panels

to LaRC:
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TESTOPERATIONS(Continued)

i. Basic electrical checkout and response of all Kulltes,

accelerometers and strai= gages

2. Complete leak and continuity check of all static pressure

tubes on all panels

3. Calibration of ARCtile balances and deflectometers, and

4. Determination of all three direction cosines for the 45°

skewedaccelerometer in tile #39 (test panel 20A), and

tile weight and C.G. location.

NASA/LaRCand Rockwell were Jointly responsible for:

I. In-tunnel "end-to-end" calibrations of all Kulltes

(differential and absolute)

2. System continuity and response of all accelerometers,

strain gages, tile balances, and deflectometers; and

3. A complete system leak check of all static pressure tubes

between transducer and oriflce.

LaRC was responsible for:

I.

2,

e

Complete calibration and checkout of the in-house electronically

scanned pressure (ESP) sensor system

Checkout and calibration of all FM tape recording equipment

and associated NEFF amplifiers

Checkout of both HP9845 minicomputers and all peripheral

equipment.
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TEST OPERATIONS (Continued)

Detailed calibration procedures for test article instrumentation and

tunnel instrumentation are contained in reference 5.

__--

Shaker Support System

LaRC provided a hydraulic shaker and fixture that were attached directly

to test panel 20A. This mechanical vibration system provided motion in

the Zo axis, and is depicted in figure 39.

The special aluminum fixture was rigidly attached between the hydraulic

actuator and the test panel. Four individual support arms connected

the test panel to the shaker fixture through the slots in the wind

tunnel test section. Attachment details are shown in figures 3 and 4.

Four air bags, which suspended a 75K pound reaction mass, were used to

isolate the shaker system from the tunnel structure. Fixture restraints

or guides were provided at 2 places to eliminate test panel motion along

the Xo or Yo axes.

Shaker operation during test runs conformed to the low-frequency spectrum

for STS-I and design trajectories as depicted in figure 40. Detailed

operational procedures are contained in reference 5.

Inspections

Inspections before a test run or series of runs were performed in the

following manner on panels with _a! tile:



TEST OPERATIONS (Continued)

i.

.

.

A complete alcohol evaporation inspection of the coated

surfaces of each Silica Reusable Surface Insulation (SRSI)

tile coating (Type II MT0501-506) per MPP No. 501MT506M02

with an individual tile scale crack map record per MT0501-506

SRSI tile step measurements per specification No. MT0501-533

and SRSI Tile Gap Measurements per MT0501-527, and

Detailed photographs showing test article tile condition before

test, including any cracks or damage

Within one hour after completion of each test run, these inspections

were made:

I. Detailed photographs of the same areas at the same position

as prior tO test

2. Step and gap measurements, same as prior to test, and

3. Alcohol evaporation inspection same as prior to test.

The following general ETS inspection criteria wereused to determine

if a tile was acceptable or unacceptable for continued testing:

l,

2.

.

Loss of tile(z) during test runs indicates immediate test abort

Loss of a portion or piece of tile(s) which is beyond the

scope of a standard TPS repair also is grounds for test abort

Lifting of tile(s) by an amount equal to or greater than the

SIP thickness indicates tile failure and test abort.
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TESTOPERATIONS(Continued)

Installation

After checkout of the new tunnel modifications, calibration data f_om

the dummypanel tests were analyzed and comparedwith the desired flight

simulation and trajectory data. After several modifications to the

tunnel and to the test platform geometry, a satisfactory simulation was

achieved and approved by NASAand Rockwell. Then, the dummypanel was

removedfrom the test platform.

Calibration panel 20Awas inspected and prepared outside of the t,_Inel,

by first attaching the four shaker mounts and carrying handles. With

all tunnel hardware already installed in the test section, the calibration

panel was then installed in the test platform and all instrumentation

hooked up. Finally, the full-scale bipod was fastened to the test plat-

form, Just ahead of the calibration panel. See figure 15 for installation

details.

Whentest runs were completed on the 20A calibration panel, TPSinspections

were performed and data from the panel were analyzed. The hydraulic

shaker was also operated during these runs and adjusted to obtain the

correct simulation of the Fligh[ _Frequency spectrum.

Test panel 20Awas prepared in the samemanner as described for the

calibration panel. After remov__ of the calibration panel, test panel

20Awas instal2ed as depicted in figure 15.
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TEST OPERATIONS (Continued)

At the conclusion of testing for the 20A configuration, the following

steps were taken to prepare for the 20C configuration.

i. Inspected and removed the 20A test panel and shaker fixtures

2. Removed the full-scale bipod

3. Completed preliminary tests in the DFA to develop proper

flight simulation for the 20C configuration

4. Installed the precal panel and required choke plates, corner

fillets, vortex generators, and aft blpod (half-scale)

5. Ran tests in the 8-foot TPT and made modifications to achieve

a proper flight simulation

6. Removed precal panel and i/2-scale bipod

7. Installed the new center section in the test platform to

accommodate the 20C panels

8. Before the I/2,scale bipod was attached to the guide rall on

the test platform, all TPS inspections and checkout of panel

instrumentation were performed,

The panel was then installed in the test platform and instrumentation

hooked up; after this, the blpod was attached to _he rall (see figures

13 and 16).

When tests on the 20C test panel were complete, the panel was removed

from the test platform-. The 20C calibration panel was moved to the

test section but never installed and hooked up, per an agreement among

RI, LaRC, and JSC.
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TEST OPERATIONS (Continued)

Test Conditions

The tunnel was operated so that the dynamic pressure, and hence, the

shock-wave strength variations were similar to those which occur on the

corresponding orbiter panels during the high-load (transonic) portion of

the launch trajectory. Freestream conditions for this trajectory are

shown in figure 41.

The flight boundary-layer thickness was roughly approximated so that test

boundary-layer noise and the noise due to shock-wave/boundary-layer interaction

would be similar to those experienced in flight. The local dynamic

pressure hlstory, shock strength history, and shock location history during

the peak ascent load period were also duplicated as closely as possible.

w

-=
[]
m

Table Vll and figure 42 thru 54 describe those conditions which CLOT testing

attempted to duplicate in the tunnel for the 20A configuration. For the

20C test configuration (aft bipod) local conditions are described in

figures 55 thru 59. The Discussion of Test Results section discusses

how well CLOT matched the desired test conditions.

Test Procedure

Tests on the 20A configuration were conducted in three phases. First, all

tunnel modifications were made and all operational problems resolved.

During this procedure, sufficient _nstrumentatlon was utilized to check

out the tunnel. Next, a hlgh-fidellty model of the test panel was tested.
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TEST OPERATIONS (Continued)

This calibration panel, which was heavily instrumented, was used to define

the test panel environment in great detail. Finally, the test panel

itself was tested. Although this panel was instrumented, the instru-

mentation density in the test region was less than that on the hlgh-fidelity

calibration panel because the realism of the tiles could not be compromised.

For the 20C configuration, the above test procedure was Changed because

of time constraints. The dummy panel (wooden precal panel) was used

in place of the actual calibration panel by adding more instrumentation

on it to define tunnel environment. After this phase, the test panel

was installed and tested to obtain data for removal of the restraint to

the STS-I launch. The 20C calibration panel was never tested.

The time-varlant test conditions for the high-fidelity calibration panel

and the test panel matched as closely as possible. The dynamic pressure

was varied by deflecting the wind tunnel diffuser spoilers, which are

locsted downstream of the test section at the entrance to the diffuser.

With the tunnel drive at full power and the total pressure at approximately

3/4 atmosphere, the total pressure and Math number were varied from 400

PSF and 0.7 to 650 PSF anl 1.3 as the d_ffuser flaps moved from fully

closed to fully open. Therefore, the total pressure history of the

ascent trajectory from about 25 seconds after llftoff to 70 seconds after

liftoff was closely approximated by setting the total pressure and drive

power to the values indicated above, and varying the diffuser flaps from

fully closed to fully open and back to fully closed. It should be noted
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TEST OPERATIONS (Continued)

that during the test, local aerodynamic conditions at the panel rather

than free-stream conditions were simulated.

Although the flight dynamic pressure history was simulated, the flight

Mach number history was not because the flight Math number continues to

increase as the dynamic pressure decreases, but the wind tunnel Mach number

drops. Therefore, some articulation of tunnel closure shock was r=quired

in order to position shock waves properly during the dynamic pressure

reduction portion of the test for test configuration 20A. Shock iccations

and strengths for the 20A panel location on the orbiter are shown ie figure

42. Local conditions on the 20C panel are shown in figure 55.

For the 20C configuration (located ahead of the bipod), the panel was

located in the test section, where the tunnel upper and lower walls are

slotted, and the bipod was attached to the guide rail as discussed earlier.

In order to test panel 20A (behind the bipod), the bipod was locatecl at

the effective tunnel throat, where the slots start, and the panel was

located downstream of the throat in the test section. This arrangement

permits supersonic flow behind it.

LaRC produced a detailed "Tunnel Test and Operational Procedures..."

document for each panel tested in the 8-foot TPT. These documents also

served as a Quality Control sign-off list during the CLOT tests. They

are listed as reference 5 in this report.
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TEST OPERATIONS (Continued)

A run schedule for both the 20A and the 20C configurations is presented

as Tables VIII, IX and X of this report.

Data Reduction

Model static pressure data and tunnel test conditions were reduced on-llne

during each run using an in-house HP9845 mini-computer with plotting

capability. A second HP9845 was used to store and plot Kulite RMS pressure

data sampled and read by a NEFF620.

All model static pressures were reduced to absolute pressure in psla.

All dynamic data including fluctuating pressure measurements, accelerometer

and strain gage signals, were recorded on six 28-channel FM tape recorders,

processed (reduced to engineering units) and analyzed on-site by the data

review team, which consisted of NASA/LaRCI: JSC, :ARC and RoCkwell personnel.

All three data acquisition systems had a common IRIGIA tlme-code for

correlation of test data. For select instrumentation requiring a high

degree of correlation, a special effort was made to record the information

on the same recorder.

Mini-computer data were reduced and stored on tape cassettes. The tapes

were then reformatted onto a 9-track tape compatible with LaRC's data

reduction center (ACD), and are available to be plotted in other formats

as desired. FM magnetic tape data are at ACD for temporary maintenance

in a special storage area, and can be digitized upon request. All
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TEST OPERATIONS (Concluded)

photographic data are maintained by tunnel personnel at LaRC and are also

available upon request.

The entire CLOT test data reduction plan was documented by LaRC personnel

in five volumes am listed in reference _. Due to the test complexity and

enormous volume of lnformation obtained during the CLOT program, this report

does not contain any tabulated or plotted data.
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